) and fermented at 20-23 °C for 12 weeks. The dry matter of the fresh silage was 228 g . kg −1 and 281.6 g . kg −1 for the wilted before ensiling. The amino acid content was estimated by using an automatic amino acid analyzer AAA (INGOS Prague). The results of the experiments indicated that amino acid breakdown was inhibited by increased dry matter and the use of chemical and biological additive. Additionally, the content of amino acids was found to change in relation to the degree of wilting and formic acid treatment yielded the lowest amino acid breakdown. The amino acid breakdown was also reduced by biological preservative especially in the silage with a higher level of dry matter content. alfalfa, amino acid, silage, silage additive Alfalfa (Medicago sativa L.) is an important legume for ruminant agriculture widely grown under both tropical and temperate conditions. Unlike grasses, alfalfa does not possess large amounts of reserve polysacharides in the form of fructosans, but it does contain small amounts of starch and relatively large quantities of pectin. The protein content is com para ti ve ly high, and if the crop is cut in the early fl owe ring stage the crude protein can be above 20 % (Mc Donald et al., 1966) . Effi cient utilization of crude protein in animal nutrition is paramount assessing the quantity and quality of silage is essential. Therefore it is necessary to monitor changes in content not only during the harvest of alfalfa, but also during the fermentation process. Protein degradation caused by plant proteases activity occurs after harvest and increases with prolongation of wilting time and air humidity (McDonald et al., 1991). Proteolysis continues 24 hours a er ensiling due to plant proteases (Kemble, 1956 ). According to Muck and Dicker son (1988) proteolysis speed in alfalfa silage decreases linearly when dry matter content increases and proteolytic activity ends when dry matter content reached 75 %.
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Silage additives have been developed to take some of the risk out of the ensilage process and to improve the nutritive value of silages. Ideally, a silage additive should be safe to handle, reduce DM losses, improve the hygiene of the silage, limit secondary fermentation and improve aerobic stability thereby increasing the nutritive value of the silage. Improving forage quality increases the effi ciency of feed utilization and provides the farmer a return greater than the cost of additive (Merensalmi and Virkki, 1991) . Both lactic acid bacterial inoculation (Doležal and Zeman, 2005 ) chemicals treatments (McDo nald et al., 1991; Henderson, 1993) have been used to protect proteins from microbial and plant enzyme hy-drolysis. Lactic acid bacteria belong to the epiphytic microorganisms which occur on the lower parts of forage plants. The transition of hexoses by lactic acid bacteria to fermentation acids proceeds under anaerobic condition is of particular importance for ensiling. Lactic acid bacteria are capable to ferment a wide range of substances using diff erent pathways. In the ensiling process, homo-fermentative lactic acid bacteria are preferred due to fast and abundant formation of lactic acid, which has a high acidifying potential. Homo-lactic fermentation also results in lower DM losses because of higher effi ciency in the conversion of water soluble carbohydrates to acids compared with hetero-lactic fermentation (McDonald et al., 1991) .
The purpose of the present experiments was to investigate the eff ect of wilting and chemical or biological additive on the change of amino acid profi le in alfalfa silage. 4 cfu/g of silage matter. All laboratory silos were stored at the temperature of 20-23 °C and silos from each treatment were opened a er 12 weeks of ensiling.
MATERIAL AND METHODS

Silage preparation and treatments
Analysis and Measurement
A er opening each silo, samples of each treatment were immediately frozen in sealed plastic bags at -60 °C until analysis.
Firstly, 200 g of the wilted and unwilted silage were diluted to 2 dm 3 with distilled water and macerated at laboratory temperature (22 °C) during 24 hours. The silage was then fi ltered through two layers of fi ltrate paper and the pH of fi ltrate was measured immediately a er fi ltration (Owens et al., 1999) . Fermentation products were assessed by using of capillary isotachoforetic method and ammonia (NH 3 -N) by titration colorimetric method. Ten ml of 25 % (w/v) trichloroacetic acid was added to 40 ml of silage fi ltrate of each treatment (both experiment) to precipitate protein from the solution. The solution was allowed to stand at laboratory temperature (22 °C) for one hour. A er it, the solution was centrifuged. Supernatant of silage was analyzed for non-protein N (NPN) using the micro-Kjeldahl method (AOAC, 2000) .
A er weighing, the remaining unmacerated material was dried in forced-air oven at 60 °C for determination of dry matter. Oven-dried samples were ground to pass a 1-mm screen. Total N (TN) was measured on oven-dried samples using the microKjeldahl method. The oven-dried fo ra ge and silage samples were also used for amino acid analysis.
The amino acid content was determined by using of automatic amino acid analyzer AAA400 (INGOS Prague). Chromatographic estimation of hydrolysates of each sample was assessed by sodium-citrate buff er and post colon ninhydrin derivation. Samples were hydrolyzed by hydrogen chloride acid (6 mol.dm −3 ) during 23 hours at 110 °C under an N 2 atmosphere. A er fi ltering of the hydrolysed samples, the hydrolysates were neutralized with sodium hydroxide solution and completed to the volu me of 100 cm 3 using sodium citrate buff er with a pH of 2.2. The hydrolysates were held at 4 °C to silage for 24 hours in fridge. Methionine content was estimated as methionine sulphon, cyst(e)ine was determined as cysteic acid a er oxidation by performic acid and hydrolysis. The samples were hydrolysed for 16 hours at 110 °C. A er the vaporization at vacuum rotary device and supplementation with sodium citrate buff er (pH = 2.2) to 50 cm 3 volume and following the dilution the analysis of amino acids was performed. The following amino acids were measured: Aspartic acid (Asp), Threonine (Thr), Seri ne (Ser), Glutamic acid (Glu), Proline (Pro), Glycine (Gly), Alanine (Ala), Cysteine (Cys), Valine (Val), Methionine (Met), Isoleucine (Ile), Leucine (Leu), Tyrosine (Tyr), Phenylalanine (Phe), Histidine (His), Lysine (Lys) and Arginine (Arg). Each analysis was performed in duplicate.
Calculations
The results of fermentation products, NPN, TN, NH 3 -N and amino acid content were converted into 100 % dry matter in both experiments. The rate of proteolysis was calculated as a percentage ratio of NH 3 -N from amount of total nitrogen. Analysis of variance was used to test statistical signifi cance of treatment (SAS Institute, 1985) . Means were separated using Fischer's protected least signifi cance diff erence LSD (P < 0.05) when F-tests were determined to be signifi cant. The values in the tables with diff erent superscripts are signifi cantly diff erent at P < 0.05.
RESULTS AND DISCUSSION
Fermentation characteristics of unwilted and wilted silage
The pH of unwilted silage preserved with formic acid was the lowest among untreated silage and treated silage by biological additive (Table I ). In 215 wilted silage, the lowest value of pH was also measu red in silage treated by formic acid. The highest value of pH was observed in wilted silage preserved by biological additive (P < 0.05) ( Table II) . The wellfermented and stable silage should have the value of pH 4.2 or lower with 200 g . kg −1 DM and below 4.75 with 400 g . kg −1 DM according to Weissbach (2003) . All silages had higher value of pH than mentioned results.
In experiment 1, the dry matter of the control silage was 232.64 g . kg −1 DM compared to silage treated with formic acid which was 245.45 g . kg −1 DM and silage preserved with biological additive which was 238.16 g . kg −1 DM. The total nitrogen content was the highest in the control silage which was also determined to have the highest amounts of non-protein nitrogen and NH 3 -nitrogen. Concentration of lactic acid in biological treated silage was significantly higher than control silage (without additive) by 7 g . kg −1 DM. (Table II) . The TN content of silage preserved with formic acid was signifi cantly higher than other silages and NPN was signifi cantly lower. Olt et al. (2005) also reported an increase of total nitrogen and the lowest amount of NH 3 -N. Silage without treatment yielded the highest amount of lactic acid among other treated silages. The contents of acetic acid and ethanol in silage with formic acid were signifi cantly lower than those contents in the control si- The values within the rows with diff erent superscripts are signifi cantly diff erent at P < 0.05 lage and biological-treated silage. Silage treated with formic acid had the lowest rate of proteolysis (RP) and the rates of proteolysis in the experiment 2 were lower than the rates of RP in the experiment No. 1.
Changes of amino acid profi le during fermentation
The change of amino acid profi le during fermentation of fresh alfalfa is presented in Table III (ex peri ment No. 1). During fermentation of fresh matter without additive, the amino acid profi le was significantly decreased except for the amounts of Met, Ile, Leu and Tyr. Epiphytic microfl ora has been con tribu ted to a decrease in amino acid content during fermentation (McDonald et al., 1991) . Untreated silage had the lowest concentration of Arg and Ser than other silages. The same results were observed by Sneath et al. (1986) and Givens and Rulquin (2004) . The Ser concentration decreased due to degradation to pyruvate by epiphytic microfl ora for a source of energy.
The amounts of amino acids (degradation) were lower in silage preserved with formic acid than amino acid content of untreated silage. We found that degradation of Arg was signifi cantly lower with a formic acid treatment compared to untreated silage. Interestingly, there was not a signifi cant reduction in Tyr. The observation could be associated with the rapid decline of pH during the early phase of fermentation with formic acid, thus depressing bacterial activity. We also investigated the breakdown of Glu, Thr, Ser, Asp, Met, Pro, Lys, Arg and Cys and observed that formic acid decreased the degradation of Ser, Glu, Arg and His, signifi cantly at P < 0.05. Givens and Rulquin (2004) established that amino acid content of silage treated formic acid has been the same as amino content of silage prepared from the fresh matter. Our observation was not in agreement with the fi ndings of Givens and Rulquin (2004) as the fermentation with formic acid treatment caused a decline in amino acid profi le.
In silage treated with biological additive, we found decreases in amino acid contents except for Pro, Gly, Ala, Ile, Leu, Val and Tyr. There was a non-significant increase in Gly. Arg was changed to ornithine, which reacted with glutamate to Pro. Delauney and Verma (1993) found out the same results. The decline content of Glu was associated with an increase in the amount of Ala. Ser was degraded to pyruvate for bacterial supply of energy. Accumulation of pyruvate under anaerobic conditions may shi towards Ala accumulation. The synthesis of Ala may occur at the expense of the acidic amino acids, glutamate and aspartate, and occurs concomitantly with the accumulation of 4-aminobutyrate or gammaaminobutyrate (GABA) (Ratcliff e, 1995; Good and Muench, 1992) . Givens and Rulquin (2004) established, that the content of Met has been increased during fermentation. This observation was not confi rmed by our results for silage prepared from fresh matter. Ensiling of fresh matter treated by biological additive results in increased concentration of Ala, branched chain amino acids and decrease in basic amino acids.
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Changes in amino acid profi le of alfalfa silage preserved by chemical and biological additives during fermentation 217 without Val, Ile, Tyr and Ala (P < 0.05). In contrast, there were signifi cant increases of Tyr and Ala. We observed losses of Glu, Met, Leu, His, Arg and Cys in silage preserved with formic acid signifi cantly at P < 0.05. The amino acid content was signifi cantly decreased in biological treated silage during fermentation out of the amounts of Ala, Val, Ile and Tyr. Wilted silages had higher losses of Arg than unwilted silages. The signifi cant decrease in Arg with wilting can also be explained by the fact that Arg is a storage amino acid that is readily mobilized by plant tissue during starvation periods. The observation of reduced Arg is in agreement with the fi ndings of Makoni et al. (1993) and Givens and Rulquin (2004) . A sharp decline in Arg concentration has been observed by Winters et al. (2000) during ensilage of grass. The decline of His content is connected with its transformation into histamine (Oshima and McDonald, 1978) . The marked decrease of Lys in control silages was observed by Heron et al. (1986) . Sneath et al. (1986) confi rmed that lactic acid bacteria has generally limited ability to ferment amino acids. Fairbairn et al. (1992) reported that the formic acid treatment had a positive eff ect on inhibition of amino acid degradation in ensiled alfalfa. Our results were in agreement with their survey. 
